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AntidepressantAbstract The synthesis of [9, 10-dihydro-9-(4-methylaminobutyl)-9, 10-propanoanthracene] (2) as
a homolog of the antidepressant [9, 10-dihydro-9-(3-methylaminopropyl)-9, 10-ethanoanthracene]
(1) is described in the present paper. The key intermediate [9, 10-dihydro (4-pentyl)-9, 10- propan-
oanthracene-12-one] (7) is successfully synthesized by using the reaction of a-bromoacrolein with
9-pent-4-enyl-anthracene (4) followed by ring expansion and samarium diiodide deoxygenation.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
There are some compounds derived from anthracene which
have biological activity, such as Maprotiline (Ludiomil*) that
has been synthesized and developed into a clinically useful
drug for the treatment of schizophrenia and as an antidepres-
sant by the Ciba-Geigy research group in Switzerland (Fig. 1).
The key step was the Diels–Alder addition of ethylene under
high pressure leading to the addition across the 9, 10 positions
and the formation of the central 2, 2, 2-bicyclooctyl moiety
(Wilhelm and Schmidt, 1969).The synthesis of homologies homobenzoctamine and homo-
maprotiline was done by using [4 + 3] cycloaddition of tetrab-
romoacetone with vinyl and allyl anthracene (Hoffmann and
Karama, 1992). The synthesis of bishomobenzoctamine by
using [4 + 2] cycloaddition of allyl anthracene with a-bro-
moacroline and [3 + 4] cycloaddition of allyl anthracene with
tetrabromoacetone was done (Karama et al., 2010a,b), but the
biological activities of these compounds were not published yet.
In the present work we outline a simple method and suit-
able route to the corresponding Bishomomaprotiline (2) by
using the Diels–Alder reaction.
2. Results and discussion
Here we have used seven-steps for the synthesis of Bishomo-
maprotiline, the key intermediate step is [9,10-dihydro(4-pen-
tyl)-9,10-propano anthracene-12-one] (7) which is synthesized
in three steps starting from 9-pent-4-enyl-anthracene (4) which
is obtained by the reaction of anthrone (3) with 5-Bromo-1-
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Figure 1 Maprotiline and Bishomomaprotiline.
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C6H6, reflux, 48 h
NaOH, THF, r.t., 48 h
SmI2, THF, r.t., 4 h
85% H2N-NH2 , KOH,
triethylene glycol,
O3, CH2Cl2, -78oC, 0.5 h;
 (CH3)2S, 4 h, r.t.
CH3NH2, CH3OH, r.t., 
4 h; NaBH4, r.t, 6 h.
150 ºC, 5h, 
200–220 ºC, 5 h.
Scheme 1 Synthesis of Bishomomaprotiline (2) from anthrone.
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using P4O10 (Fieser and Heymann, 1942; Willner and Halpern,
1979; Coudane, 1981). The IR spectrum of compound (4)
exhibits an absorption band in the range of 3049–2853 cm1
for C–H stretching aroma and shows a peak in the range of
1636–1445 cm1 for C‚C stretching, and the absorption band
is observed at 733 cm1 for C–H bonding. The 1H NMR spec-
trum of this compound exhibits a characteristic quintet at d
1.92 ppm for two protons, H20 and exhibits a quartet at d
2.33 ppm for two protons, H30.The mass spectrum of this com-
pound reveals the molecular ion peak at m/z 246 which resem-
bles the formula weight 246.140851.
The Diels–Alder reaction between compound (4) and a-
bromoacroline afforded the cycloadduct (5) Phutdhawong
et al., 2002; Atherton and Jones, 2003; Dhaneshwar Singh,
2010a,b, and this compound was characterized by spectral
analysis. IR spectra shows a strong peak at 1717 cm1 for
(C‚O).The 1H NMR exhibits a characteristic triplet at d
4.28 ppm for one proton, H10 and shows a characteristic sin-
glet at d 9.57 ppm for (CHO). The 13C NMR shows one peak
in d 191.14 ppm for carbon (C‚O).The mass spectrum of this
compound reveals the molecular ion peak at m/z 380 which
resembles the formula weight 380.077590.
Treatment of compound (5) with 1 M aq. NaOH resulted in
transformation into the ring expanded a-hydroxy ketone (6)
which is conﬁrmed by the IR spectra. A broad peak in IR in
the range 3513, 3457 cm1 is seen for O–H stretching and a
strong peak at 1701 cm1 is seen for C‚O. The 13C NMR
exhibits one peak at d 208.31 ppm for carbon (C‚O). The
mass spectrum of this compound conﬁrmed the molecular
ion peak at m/z 318 which resembles the formula weight
318.161976.
Deoxygenation of compound (6) by samarium diiodide led
to the desired key intermediate ketone (7) Karama et al.,
2010a; Asano et al., 2007, the synthesis of parent ketone (7)
is conﬁrmed by using spectral analysis. The IR spectra appear
as a strong peak at 1694 cm1 for (C‚O) and the disappear-
ance of a broad peak in the range of 3513, 3457 cm1 for
O–H stretching. The mass spectrum is conﬁrmed for this com-
pound for which there appeared a molecular ion peak at m/z
302 which resembles the formula weight 302.167066.
Wolff-Kishner reduction of the ketone 7, gives the tetra-
cyclic hydrocarbon 8 Kishner, 1911, which is conﬁrmed by
spectral analysis. In the IR spectrum the disappearance a
strong peak at 1694 cm1 is seen for C‚O.13C NMR disap-
pearance of a singlet peak at d 209.19 ppm for C‚O isindicative of transference of carbonyl to methylene. The
mass spectrum for this compound conﬁrmed the molecular
ion peak at m/z 288 which resembles the formula weight
288.187801.
Ozonolysis of tetracyclic hydrocarbon 8 gives the crystalline
aldehyde 9.The IR spectrum shows a strong peak at 1726 cm1
for aldehyde (C‚O). The 1H NMR shows a characteristic sin-
glet at d 10.88 ppm for (CHO). The 13C NMR shows a peak at
d 202.08 ppm for carbon (CHO).The mass spectrum of this
compound conﬁrmed the molecular ion peak at m/z 290 which
resembles the formula weight 290.167066.
Reductive amination of the aldehyde (9) using a combi-
nation of a commercially available solution of methylamine
in methanol, titanium (IV) isopropoxide and sodium boro-
hydride (Kumpaty et al., 2003), afforded the Bishomoma-
protiline (2).The synthesis of the target compound is
conﬁrmed by spectral analysis. The IR spectrum shows
one peak at 3410 cm1 for (N–H secondary amine) with
430 A. Al-Saeedi et al.the disappearance of a strong peak at 1726 cm1 for (CHO).
In the 1H NMR shows two peak singlets at d 2.35 ppm and
d 2.46 ppm due to the active N–H protons, 3H, and CH3.
The mass spectrum of compound (2) conﬁrmed the molecu-
lar ion peak at m/z 305 which resembles the formula weight
305.214350. (See Scheme 1).
3. Experimental
All the common solvents and chemicals were of analytical
grade or puriﬁed by distillation. The synthesis of compounds
was ascertained by thin layer chromatography (TLC).The
purity and Melting points were determined on a Mel-Temp
(Melting temperature) II apparatus and are uncorrected. IR
spectra were recorded on a Perkin–Elmer 883 spectropho-
tometer and are expressed as v cm1. 1H NMR and 13C
NMR spectra were recorded on JEOL ECP 400
(400 MHz) in CDCl3 (Deuterated chloroform). Chemical
shifts are expressed as (d) ppm, and coupling constants (J)
were given in Hz. MS spectra and HRMS (High Resolution
Mass Spectrometry) were performed at the Department of
Organic Chemistry of the University of Hannover-Germany
using EI at 70 eV.3.1. [9-pent-4-enyl-anthracene] (4)
A 500 ml clean and dry 3-neck round-bottom ﬂask was
equipped with a magnetic stirrer, and a reﬂux condenser with
a baloon of nitrogen is attached (3.25 g, 135.42 mmol) Mg, 6 ml
THF dry and a small piece of I2 is charged. Side joints are
sealed by a rubber septum. Then (2 g. 13.44 mmol) 5-Bromo-
1-pentene was injected in the reaction stockpot and the mix-
ture was stirred until the disappearance of the violet color of
iodine. The remaining quantity (8 g. 53.68 mmol) was taken
from 5-Bromo-1-pentene and mixed with 10 ml THF and
added dropwisw to the reaction stockpot. After 2 h of stirring
the mixture is injected with Anthrone solution (10 g,
45.67 mmol) and 250 ml of anhydrous THF was slowly added
to pent-4-enylmagnesium bromide. The reaction mixture was
subsequently acidiﬁed with 10% HCl, the organic layer was
separated, and the aqueous layer was extracted with ether
(2 · 50 ml). The combined organic layer was washed with
water, dried over MgSO4 and the solvent was evaporated.
To the crude product was added 50 ml benzene and 10 g
P4O10 and stirred for 6 h at room temperature. The P4O10
was ﬁltered off and benzene was removed under vacuum.
The crude product was puriﬁed by ﬂash column chromatogra-
phy (dichloromethane: hexane 1:1), to give (4) (8.4 g. 84%) as
a yellow solid.
3.2. [12-Bromo-9-(pent-4-en-1-yl)-9,10-dihydro-9,10-
ethanoanthracen-12-carbaldehyde](5)
A mixture of 9-pent-4-enyl-anthracene (4) (6.00 g, 24.36 mmol)
and a-bromoacroline (6.58 g, 48.72 mmol) in benzene (20 ml)
was heated under reﬂux for 24 h and allowed to cool to room
temperature. The reaction mixture was concentrated and the
crude product was puriﬁed by ﬂash column chromatography
on silica gel (petroleum ether-ethyl acetate 30:1) to give (5)
(4.46 g, 74%) as a white solid.3.3. [13-Hydroxy-9-(pent-4-en-1-yl)-9,10-dihydro-9,10-
propanoanthracen-12-one](6)
To a solution of the Diels–Alder adduct (5) (3.50 g, 9.21 mmol)
in THF (30 ml) was added 1 M aqueous NaOH (34 ml). The
mixture was stirred at room temperature for 4 h, extracted
with ether twice, washed with water, dried with MgSO4 and
concentrated under vacuum. The crude product was puriﬁed
by ﬂash column chromatography on silica gel (petroleum
ether–ethyl acetate 5:1) to give 6 (2.17 g, 74%) as a white solid.
3.4. [9,10-Dihydro-9(4-pentenyl)-9,10propano anthracene-12-
one] (7)
To a solution of SmI2 (2.1 g, 5.2 mmol) in THF (2 ml) was
added a solution of compound 6 (0.75 g, 2.6 mmol) in THF
(6 ml). The mixture was stirred at room temperature for 4 h,
hexane was added. The mixture was ﬁltered and concentrated
under vacuum. The crude product was puriﬁed by ﬂash col-
umn chromatography on silica gel (petroleum ether-ethyl ace-
tate 5:1) to give 7 (3.6 g. 72%) as a white solid.
3.5. [9,10-Dihydro-9-(4-pentenyl)-9,10-propano anthracene]
(8)
A mixture of (1.76 g, 5.82 mmol) ketone (7), (1.31 g,
23.35 mmol) KOH, (4.71 g, 94.03 mmol) hydrazine hydrate
and 7 ml of triethyleneglycol was stirred at 150 C for 7 h.
Then the water was removed by a Dean–Stark separator,
and the reaction mixture was heated for a further 8 h to
200–210 C. After cooling to room temperature, the reaction
mixture was treated with dil. HCl (pH = 2 should be reached).
The aqueous layer was extracted with toluene, and the com-
bined organic phases were washed with brine, dried with
(MgSO4) and concentrated under vacuum. The crude product
was puriﬁed by ﬂash column chromatography on silica gel
(petroleum ether: ethyl acetate 5:1) to give 8 with a yield of
1.17 g, 66% as a yellow oil.
3.6. [4-(9, 10-Dihydro-9, 10-Propanoanthracene-9-yl) butanal]
(9)
The tetracyclic alkene (8) (0.75 g, 2.60 mmol) was dissolved in
CH2Cl2 (ca.12 ml) and ozonolyzed at 78 C. After comple-
tion of the reaction (blue color), Me2S (6 equiv.) was added,
and the reaction mixture was stirred for a further 4 h at room
temperature, the volatile components were removed under vac-
uum. The crude product was puriﬁed by ﬂash column chroma-
tography on silica gel (petroleum ether: ethyl acetate 15:1) to
give 9 (0.46 g, 61%), as a white solid. All compounds were pre-
pared accordance to our reported procedure (Hoffmann and
Karama, 1992; Karama et al., 2010a).
3.7. [9,10-Dihydro-9-(4-methylaminobutyl)-9,10-
propanoanthracene](2)
Titanium (IV) isopropoxide (0.20 ml, 0.50 mmol) was added to
a commercially available solution of methylamine in methanol
(2 M, 15 ml) followed by the addition of the starting aldehyde
(9) (0.44 ml, 0.44 mmol). The reaction mixture was stirred at
Synthesis of [9, 10-dihydro-9-(4-methylaminobutyl)-9, 10-propanoanthracene] using Diels–Alder cycloaddition 431ambient temperature for 5 h, after which sodium borohydride
(15.5 mg, 0.38 mmol) was added and the resulting mixture was
further stirred for another period of 2 h. The reaction was then
quenched by the addition of water (0.2 ml), the resulting inor-
ganic precipitate was ﬁltered and washed with diethyl ether
(4 ml). The organic layer was separated and the aqueous part
was further extracted with diethyl ether (2 · 6 ml). The com-
bined ether extracts were dried (K2CO3) and concentrated in
vacuum to give bishomomaprotiline (2) in high purity (0.08 g
52%). as a white viscous liquid.
4. Conclusion
In summary, this research describes a simplistic method and is
suitable for the synthesis of Bishomomaprotiline (2). The key
step was the Diels–Alder reaction of a-bromoacroline with 9-
pent-4-enyl-anthracene.Acknowledgements
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Supplementary data associated with this article can be found,
in the online version, at http://dx.doi.org/10.1016/j.jscs.2013.
03.001.
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